Introduction
In everyday practice the results of medical treatment for permanent arterial hypertension are often considerably poorer than expected. This lack of success is possibly due to inadequate screening to detect hypertension, poor or delayed access to care, inadequate treatment, and, finally, low compliance with drug treatment.' Efforts to improve screening for hypertensive disease and the distribution of care, however, are useless and costly to the community if compliance is poor. 2 The reasons for poor compliance are numerous. Hypertension is often asymptomatic and may necessitate lifelong treatment that is costly and sometimes poorly tolerated. Improving compliance requires the combined efforts of both the patient and the doctor. 3 In this study we determined the risk factors present at the first visit associated with low compliance with appointments and poor treatment results in hypertensive patients attending thc Saint-Joseph Hospital hypertension clinic between January 1976 and December 1978 and enrolled in the computerised Artemis system.4 The methods adopted in this prospective study were similar to those used for predicting fatal or non-fatal cardiovascular complications in cohort studies.5 6 We considered that early detection of patients at high risk of dropping outl might improve the management of patients with hypertension.
Patients and methods

STUDY POPULATION
Between 1 January 1976 and 31 December 1978, 2920 patients were referred to the hospital's outpatient hypertension clinic. Altogether 1346 records were analvsed and selected by according to two criteria: (a) a recumbent blood pressure, measured after five to 10 minutes' rest during the initial visit, above or equal to 160 mm Hg (systolic) or 95 mm Hg (diastolic), whether or not hypertension (if present) was being treated; and (b) referral to the clinic for complete management of raised blood pressure and not just for advice.
The mean age of the 1346 selected patients (763 men and 583 women) was 50 8 (SD 12 7) years at the initial visit. The mean maximum systolic blood pressure previously recorded was 211 (SD 31) mm Hg, and the mean systolic and diastolic blood pressures at the first visit were 177 (SD 23) and 104 (SD 13) mm Hg respectively. Two hundred and fourteen patients (1599%) had been referred by an occupational health service and 955 (71 0%) by a general practitioner or specialist and 129 (9-6°) had attended the clinic of their own accord. At entry 473 patients (351%) were receiving hypotensive treatment, defined as any drug, except anxiolytics and vascular protectors, specifically given to reduce blood pressure.
DATA COLLECTION AND RECORDING
Management of hypertension included a 45 minute initial visit and successive visits lasting 20 to 30 minutes. Patients were evaluated initially either as outpatients or during a short period of admission to hospital.
After two to six months patients attended as outpatients for assessment of their response to treatment; subsequent follow up visits were in most cases carried out at between six months to two year intervals, the long term follow up being mainly the responsibility of the general practitioner.4 Drop out was defined as failure to attend for an appointment and to respond to two recall letters sent at an interval of six months.
Patients were classified into three groups according to their occupation: (a) manual workers and employees, (b) middle executives, and (c) senior executives, industrialists, and members of the liberal professions. Patients were also classified according to whether they undertook any regular physical exercise-that is, a sport for at least one hour a week, a walk for an hour a day, or daily manual work. Note was made of whether patients had had a myocardial infarction or stroke, and other conditions noted from the medical histories included asthma, depression, gastroduodenal ulcer, renal lithiasis, and recurrent urinary tract infections.
The variables recorded at the first visit and analysed included the occurrence of headaches or palpitations; evidence of coronary heart disease, either clinical or electrocardiographic, atherosclerosis obliterans of the legs; abnormal bruits on auscultation of blood vessels (carotid, abdominal, or femoral); blood pressure; weight; cigarette consumption; and plasma creatinine, total cholesterol, and blood glucose concentrations. Blood pressure was measured with a mercury sphygmomanometer with patients supine after a rest of five to 10 minutes. The appearance of bruits was taken as the systolic blood pressure and their disappearance as the diastolic blood pressure. The weight index was calculated as body weight (kg) divided by the square of height (m estimators were computed by the Newton-Raphson method."°Exclu-sion of variables from the initial model to build up a final risk function was based on maximum likelihood ratio tests." The number of expected and observed events was compared in each quintile of expected risk calculated by the logistic risk finction. The relative risk for patients with the highest values (those in quintile V) to those with the lowest (in quintile I) was expressed in terms of the ratio of the rate for V to the rate for I (ratio VI:). Finally, the attributable risk (extra risk attributable to a high level of traits) was calculated as the difference between the rate for V and the rate for I (difference V-I).
Results
DROP OUT RATES
All the 1346 selected patients were given appointments at the clinic for either outpatient care or secondary inpatient care. The overall follow up period represented 2246 patient years (mean 17 (SD 1-0) years). After one year of follow up 11 of the 1346 (0-8%) patients had died and 209 (15 5%) were lost to follow up. Of these 209 patients, 66 were lost after the first visit (31-6% of the drop outs at one year). The cumulative drop out rate estimated by the KaplanMeier method was 14-7 (SD 0-9) at six months, 17-6 (SD 1-0) at one year, 22-3 (SD 1-1) at two years, and 25-9 (SD 1-5) at three years (figure).
Years
Estimation by Kaplan-Meier method of cumulative percentage of patients followed up.
INITIAL CHARACTERISTICS OF PATIENTS WHO DROPPED OUT
The characteristics of the 209 patients who dropped out during the first year of follow up were analysed and compared with those of the 1126 patients still under surveillance after one year (table I). The patients who dropped out were more often men and were younger than the compliant patients; they were more often referred as a result of occupational screening than by a general practitioner or specialist, and they more commonly belonged to the lowest occupational categories. A history of stroke or asthma was less common in patients who dropped out; these patients had lower blood pressures than the compliant patients in their history or at entry, were less likely to be receiving hypotensive treatment or to have evidence of coronary heart disease, were more often overweight at entry, and had higher cigarette consumption (all p < 0-05). History of depression, renal lithiasis, and recurrent urinary infections and the presence of headaches, palpitations, abnormal bruit on vessel auscultation, and leg atherosclerosis obliterans at the first visit were similar in both groups, as were serum creatinine, blood glucose, and cholesterol concentrations.
UNIVARIATE PREDICTION OF LOW COMPLIANCE WITH APPOINTMENTS
Univariate analysis by the logrank method confirmed the statistical association between most of the above characteristics analysed at entry and the drop out rates estimated by the Kaplan-Meier method. These rates were higher in men than in women (logrank test: X2 = 7-9, ar0 p < 0 01) and tended to decrease with age (,2 for trend = 11-0, p < 0-001).
The drop out rate at one year was 30-4°,, in the 214 patients referred by occupational health services and 15-1°o in those referred by other health care workers or who came to the clinic of their own accord (p < 0-001). Among the 801 patients with regular employment at entry the drop out rate was higher in the 399 patients belonging to the lowest occupational category (21-9«o at one year) than in the 136 patients belonging to the highest category (16-2«0) or the 266 in the middle category (16-6%)) (p < 0-05). The 72 patients with a history of stroke had a very low drop out rate (7-1« at one year) compared with the 1274 remaining patients (18-2«1, p < 0-05). Similarly the 61 patients with a history of asthma had a very low drop out rate (5« at one year) compared with the 1285 non-asthmatic patients (18-20, p < 0-01). A history of depression, renal lithiasis, or recurrent urinary infections and evidence at entry of coronary heart disease or atherosclerosis obliterans of the legs did not significantly affect drop out rates. The increased drop out rate in the 54 patients with a history of gastroduodenal ulcer (26-2«' at one year) was at the limit of signi-BRITISH MEDICAL JOURNAL VOLUME 287 9 JULY 1983 ficance (,2= 3-62, p < 0-1) compared with the rate among the remaining 1292 patients (17-2",).
The drop out rate significantly decreased with systolic blood pressure-that is, with the maximum previous systolic blood pressure (p < 0-01) and the systolic blood pressure at entry (p < 0-01)-but not with the diastolic blood pressure at entry. The drop out rate was lower in patients taking hypetensive drugs at entry (11 40) than in untreated patients (21 -, p < 0 -001). Among the 473 patients being treated at entry the drop out rate was independent of the number of hypotensive drugs taken. Drop out rates were positively associated with the weight index (p <0-001) and cigarette consumption at entry (p < 0-01) but were independent of physical activity. antihypertensive treatment at entry (yes = 1, no = 0), referring modality (occupational health service = 1, other = 0), occupational category (manual workers and employees = 1, others =0), history of stroke, history of asthma, evidence at entry of coronary heart disease (yes= 1, no =0), and systolic blood pressure, weight index, and daily cigarette consumption at entry. The complete set of information was available for 1270 of the 1346 (94-3 0 ) patients studied. When this model was used the significant factors (p < 0-05) explaining drop out were by decreasing order of statistical importance; weight index, referring modality, antihypertensive treatment at entry, cigarette consumption, history of asthma, and age. Sex, history of stroke, and coronary heart disease were no longer significant at the 0-50'0 91
supine diastolic blood pressure of less than 105 mnm Hg and 714 (72 80o) of less than 95 mm Hg. Six hundred and sixty nine patients (682 2O), whose blood pressure was defined as well controlled, had a systolic blood pressure less than 160 mm Hg and a diastolic blood pressure less than 95 mm Hg at one year. The remaining 312 patients were considered to have poorly controlled blood pressure. Systolic and diastolic blood pressures at one year were highly and positively correlated with systolic and diastolic blood pressures at entry, as well as with the fall in systolic and diastolic pressures (all p < 0-001). Conversion: SI to traditional units-Glucose: 1 mmol/I 18 ,tg/100 ml. Cholesterol: 1 mmol/l 38 7 mg/100 ml. Creatinine: 1 ,umol/l 11 3g lg100 ml. level in this multivariate analysis. Occupational category and systolic blood pressure at entry were at the limit of significance (p < 0-1). The six factor model, which took account of only the factors significant at the 5)0, level, was significantly less predictive than the 11 factor model (p <0-05) and could not be satisfactorily used to predict non-compliance with appointments. On the other hand, the eight factor model, which took account of the factors significant at the 10I,, level, was as predictive as the complete 11 factor model and yielded a satisfactory fit between expected numbers of drop outs (calculated from the logistic function) and the number of drop outs observed in each quintile of the 1270 patients studied (table II) . Thus the risk of drop out at one year in the lowest quintile of expected risk was estimated as 5-9/100 compared with an estimated risk of 32-0/100 in the patients in the top quintile, a sixfold increase comparable with the risk ratio calculated during multivariate prediction of major coronary events, such as those reported by the Pooling Project Research Group.5 For the subgroup of 819 patients not undergoing hypotensive treatment at entry, the results obtained with the logistic model were similar to those obtained for the complete group of 1270 patients. The factors significant at the 50) level were weight index, referring modality, age, occupation, and cigarette consumption. For this subgroup, history of asthma was at the limit of significance (p<0-1) but not systolic blood pressuire at entry.
BLOOD PRESSURE CONTROL AT ONE YEAR
Of the 1126 patients followed up at the clinic for one year or more, 981 were examined between eight and 18 months after their initial visit. The values recorded during the visit closest to one year after the initial visit were regarded as one year values. The mean period elapsing between the first visit and the one year visit thus defined was
PREDICTION OF BLOOD PRESSURE CONTROL
The initial characteristics of the 312 patients whose blood pressure was poorly controlled at one year were compared with those of the 669 patients whose blood pressure was well controlled (table III) . Sex distribution was similar in both groups, as was the distribution of social categories and the modalities by which patients were referred to the clinic. Patients with poorly controlled blood pressure were older, their maximum past systolic blood pressure and the diastolic blood pressure at their first visit were higher, and they were more likely to have histories of major cardiovascular events and higher blood glucose concentrations at entry (all p < 0-05). Body weight index and cigarette consumption were similar in both groups, as were serum creatinine, cholesterol, and uric acid concentrations.
-The eight variables included in the multivariate logistic function of blood pressure prediction at one year were age, history of stroke, hypotensive treatment, and systolic blood pressure at entry, evidence at entry of coronary heart disease and atherosclerosis obliterans of the legs, abnormal bruit on vessel auscultation (carotid, abdominal, or femoral), and blood glucose concentration (table IV) . The variables that contributed most (p < 0-05) were by decreasing order of importance systolic blood pressure, age, and blood glucose concentrations. Evidence of coronary heart disease was a factor at the limit of significance in this eight factor model (p < 0-1). In a four factor model, which included systolic blood pressure, age, blood glucose concentration, and evidence of coronary heart disease, all these four factors were significant at the 50, level and gave a good fit between observed and expected results.
Discussion
In this analysis we examined two criteria that can be easily and precisely assessed for evaluating the effectiveness of medical management3 -namely, compliance with appointments and control of blood pressure. Lack of compliance does not necessarily indicate absence of treatment and blood pressure control, since patients may be followed up by other health care systems to which they may have easy access. Nevertheless, noncompliance with appointments emerges as the most serious form of failure in the medical management of hypertension.
On the other hand, poor blood pressure control in patients who were followed up was responsible for an excessively high incidence of cardiovascular events compared with that in patients with well controlled blood pressure, even though inadequate control of blood pressure may partially prevent cardiovascular complications.12 Many factors may influence compliance, including the characteristics of the health care delivery system, the attitudes of the patients, and the interaction between them. Our hypertension clinic is specifically organised to minimise the problems of compliance4: it has adopted an automated appointment system to reduce waiting and direct mailing of recall letters to the patient as well as to his general practitioner; provides information leaflets on hypertension, its management, and the organisation of the clinic; and arranges appointments that are long enough for the patient and doctor to communicate. Since the amount of attention given by doctors to the problems of compliance is a factor influencing results,13 all clinic doctors have been specially trained to deal with these problems. Despite these efforts to minimise non-compliance the residual percentage of patients lost to follow up (15 50o at one year) was still close to that observed in other studies.14 -' This may indicate that further studies of non-compliance are necessary, including a statistical analysis of the risk factors by using standardised, structured, computerised medical records.
A previous study using the computerised Artemis system showed that of the 17 questions on the patients' past history that had been evaluated, all 17 had been answered in over 97°0 of cases. In the present study multivariate analysis included 11 variables, and complete information was obtained for 1270 (94-300) of the 1346 patients. A similarly high proportion of completed records was obtained by Bulpitt et al, who used standardised medical records in three hypertension clinics in England, which enabled them to analyse accurately mortality risk factors in 2587 hypertensive patients followed up for an average of four years.6
Among the 27 variables analysed here several-including obesity and cigarette consumption-were associated with a high drop out rate. Epidemiological population studies generally show a positive correlation between weight and blood pressure. '9 Reduction of weight is therefore considered to be an important method of reducing blood pressure. Cigarette consumption is also a definite independent cardiovascular risk factor, and stopping smoking is therefore a major objective in programmes designed to reduce the cardiovascular risk. The excessive drop out rate in our study in obese patients and smokers suggests that health counselling and treatment have little effect in these groups. In a large scale screening and treatment programme for hypertension participation was lower in smokers than nonsmokers, whatever their sex, age, or race.'6 18 The excessive drop out rate among obese subjects and smokers may be explained by at least two factors: excess body weight and cigarette consumption are characteristics acquired before consultation at a hypertension clinic and may reflect an uncooperative attitude to the medical prevention of cardiovascular risks; and the medical management provided at a clinic may not be well adapted to patients presenting with risk factors other than hypertension. Low compliance reflects the difficulties the patient has in carrying out the many recommendations of their doctors.
Patients referred to hypertension clinics by occupational health services have higher drop out rates than those reterred by general practitioners or specialists. This may be because some patients do not feel the need for a family doctor and thus after the initial consultation at the hypertension clinic there is no back up medical care, which encourages high drop out rates.
The higher drop out rate in patients in the lower social categories is of major concern. Patients attending the St Joseph hypertension clinic tend to come from the higher socioeconomic groups, regardless of the method of referral.20 The reason for this is most probably financial, since for most patients only 800o of health expenses are refunded by the French social security system. Increasing accessibility of care by providing blood pressure control services at places of work has proved to be cost effective. 21 The impact of medical advice and information at the clinic also depends on the patients' educational level, which is correlated with their occupational category and income and is predictive of compliance.'9 22 23 In the present study patients with a history of asthma usually attended the clinic more regularly than non-asthmatic patients; previous contact with a health delivery system is thought to encourage compliance.3 In our study, however, this was not always the case since a history of depression or renal lithiasis had no predictive value in relation to attendance.
The severity of hypertension, as assessed by the maximum systolic blood pressure ever recorded and blood pressure readings at the first visit, was significantly lower in patients who dropped out. Although these variables of severity may affect both the cooperation of the patient and the attention given by the doctor, their statistical significance partly disappeared in the multivariate analysis when the other significant factors including age were taken into account. Subjective assessment of severity-based on symptoms commonly associated with hypertension such as headaches and palpitationshad no predictive value as regards compliance with appointments. The lower proportion of patients who were not receiving treatment at their first visit among the patients who later dropped out than among those followed up might be explained by the fact that the hypertension was less severe in the patients who dropped out. This difference in the proportion of patients not initially receiving treatment remained significant after adjustment for age, sex, and severity of hypertension, however, and might reflect the attitude of patients who drop out, who may have refused treatment for a long time before attending the clinic.
Blood pressure recordings at one year in the patients treated in the clinic showed that diastolic blood pressures fell from a mean of 104 0 to 87-7 mm Hg, a fall comparable with that observed after one year in the Hypertension Detection and Follow up Program (101 to 87 mm Hg)'2 and in three British hypertension clinics (110 to 95 mm Hg).24 Despite treatment schedules using up to four hypotensive drugs simultaneously blood pressure in many patients (31 8°,) remained uncontrolled at one year (systolic blood pressure ) 160 or diastolic blood pressure > 95 mm Hg). This figure is probably a biased overestimation, however, since the drop out rate was negatively correlated with the initial blood pressure and the magnitude of the fall in pressure was positively correlated with the initial pressure.
Patients in whom blood pressure was poorly controlled tended to be older, to have higher blood pressure, and to have a history of atherosclerotic complications (vascular bruits, ischaemic heart disease, or atherosclerosis obliterans of the legs) compared with the patients in whom it was well controlled; differences between the two groups remained significant after adjustment for age. Too few patients had an abnormal plasma creatinine concentration for the effect of renal insufficiency to be assessed. Interestingly, two significant factors-age and systolic blood pressurewere also found to be predictive of cardiovascular death in the British study of 2587 treated hypertensive patients. 6 These results indicate that the initial severity of hypertension may increase the cardiovascular risk because of the severity of the initial cardiovascular damage (even if subclinical) and the difficulty of reducing blood pressure to a satisfactory level. Similarly, body weight and plasma cholesterol concentrations, which were not predictors of blood pressure control at one year in the present study, were not predictive factors of cardiovascular death in the British study. A major discrepancy between the studies in the factors predictive of death and blood pressure control is cigarette consumption; in this study it was not predictive of blood pressure control but in the British study it was a definite cardiovascular mortality risk factor. This may not be surprising, since in most epidemiological studies cigarette smoking appears to be an independent cardiovascular risk factor despite the absence of any correlation between smoking and blood pressure. The excessive drop out rate in smokers may contribute to the increased cardiovascular risk, even if it has no direct influence on the response to antihypertensive treatment.
The ability to predict low attendance as early as the first visit and difficulties in controlling hypertension have important practical consequences. Doctors frequently fail to predict which of their patients will fail to comply with treatment and advice. 3 25 Detecting those at high risk of dropping out should increase the doctor's vigilance and alter his approach to the patient. These two measures should increase attendance.3 Comparative trials of strategies to improve compliance should be conducted among those populations most likely to drop out instead of among the general hypertensive population. In hypertension clinics where new hypotensive drugs are tried out the subpopulations at low risk of dropping out should be identified and included in these studies. In any case, we emphasise that the validity of any prediction equation extracted from a specific population such as ours, should be tested among other populations with access to differing patterns of medical care.
